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Abstract
Skidding by means of heavy forestry machinery can affect soil physical properties. We assessed 
the effects of ground based skidding on soil bulk density and total porosity under the Iranian 
mountainous forest conditions. Treatments included a combination of four levels of traffic 
intensity (1, 3, 6, and 15 passes) of a Timberjack 450C rubber skidder and two levels of slope 
(<20% and >20%). The bulk density was highest in samples taken in the wheel tracks and 
between them, and decreased towards both ends of the track (0.5 to 4 m). The results showed 
that bulk density increased with traffic frequency, while total porosity decreased. Average soil 
bulk density ranged from 0.96 g cm-3 (after one machine pass and slope <20%) up to 1.41 g cm–3 
(after 15 machine passes and slope >20%) on the skid trail, while the respective value was 
0.7 g cm–3 for the undisturbed area. On compacted soil, total porosity at the 0–10 cm depth 
decreased by 37% compared with non-compacted soil. The results showed that slope steepness 
had a strong effect on the soil disturbance, with the critical value for bulk density occurring 
after 15 machine passes at slope <20% and six machines passes at slope >20%. The impacts 
of soil compaction could be evidenced in a distance of up to 2 m from the end of the skidding 
trail. The latter finding suggests that special interest in the form of managerial measures should 
be taken during the skidding operations in an effort to minimize the adverse effects of ground 
based skidding on the physical properties of the soil.
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which	 leads	 to	decreased	porosity	 (Gayoso	and	 Ir-
oume	1991)	and	pore	continuity	(Berli	et	al.	2004),	in-
creased	 bulk	 density	 (Eliasson	 2005,	 Greacen	 and	
Sands	1980,	Solgi	et	al.	2013),	increased	soil	strength	
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tween	 37°37'and	 37°61'N	 latitude	 and	 48°39'	 and	
48°44'E	longitude.	The	area	is	covered	by	Fagus orien-






















the	 front	 to	45%	on	 the	rear	axle).The	skidder	was	
equipped	with	 the	 engine	model	 6BTA5.9	 (engine	
power	of	177	PS)	and	was	fitted	with	tires	of	24.5–32	
inflated	to	220	kPa.



















Fig. 1 Compartment 41 of the third district of Nav-Asalem forest 
in northern Iran (study area)
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Fig. 2 Study layout
Table 1 Analysis of variance (P values) of the effects of number of 
passes and slope class on dry bulk density and total porosit
Source of Variance d.f. P value*
Dry Bulk Density
Number of passes 3 0.001
Slope class 1 0.029
Number of passes × slope class 3 0.137
Total Soil Porosity
Number of passes 3 0.001
Slope class 1 0.014
Number of passes × slope class 3 0.382
*P values less than 0.05 are given in bold
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Table 2 Effect of slope and traffic intensity on bulk density (g cm–3)
Slope
Cycles
0* 1 3 6 15
<20% 0.69a 0.96a 1.09a 1.23a 1.39a
>20% 0.71a 1.13b 1.25b 1.40b 1.41a
*0 passes denotes undisturbed soil
Table 3 Dry bulk density increase (%) per slope class compared to 
the previous traffic intensity level
Slope class
Traffic intensity
1 3 6 15
<20% 37.14 13.54 12.84 13.00
>20% 61.42 10.62 11.68 0.71
Fig. 3 Soil bulk density under the main track (LT and RT), log track (BT) and at various distances from the track (a: slope <20%; b: slope 
>20%)
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Fig. 4 Effect of different numbers of skidder passes on soil bulk density under the main track (LT and RT), log track (BT) and at various dis-
tances from the end of the track (a: one pass; b: three passes; c: six passes; d: fifteen passes)
Table 4 Effect of skidder passes on total porosity (%)
Slope
Number of passes
0* 1 3 6 15
<20% 74.62a 62.82b 56.82c 52.67d 49.18e
>20% 74.32a 56.93b 53.12c 49.11d 46.67e
*0 passes denote undisturbed soil
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Fig. 5 Soil total porosity under the main track (LT and RT), log track 
(BT) and at various distances from the track
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tions	 suggesting	 that	machine	 traffic	should	be	 re-
duced	to	dry	and	favourable	weather	conditions	(Hit-
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